Optimum conditions of hydrostatic pressure were examined for induction of two types of gynogenetic diploids (meiotic and mitotic) in the loath. Hydrostatic pressure treatment of 700 and 800k g/cm2 for 1 min duration gave the best yield of normal fry when the treatment began 5 min after fertilization by inhibiting the second meiosis of fertilized eggs. For mitotic gynogenesis by suppression of the first cleavage, the optimum time of application of the pressure (800 kg/cm2, 1 min duration) was determined to be 30 or 35 min after fertilization.
Conventional sib-mating has not been adopted in fish except for medaka Oryzias latipest) as a method for es tablishment of inbred line because of the long generation time in most fish. As a rapid procedure for obtaining inbred lines, clonal production should be possible by gynogenetic reproduction through two successive generations. This would entail the induction of completely homozygous diploids by suppressing the first cleavage of gynogenetically developing eggs (mitotic gynogenesis) in the first generation, and the production of genetically identical gynogenetic diploids from the first generation broodfish by retaining the second polar body (meiotic gynogenesis or polar-body gynogenesis) in the second generation. Realization of clonal fish was achieved first in laboratory-reared zebra fish Brachydanio rerio2) and medaka Oryzias latipes,3) then in commercially important species; carp Cyprinus carpio,4) ayu Plecoglossus altivelis,5) and plaice Paralichthys olivaceus,6) but it is still quite difficult to produce inbred lines in most fish species because of the extremely low survival rates of mitotic gynogens in the process from the induction to the maturation.4) The success of a few examples produced by induction of mitotic gynogenesis has been discussed from the perspective of the influence of recessive, deleterious genes as well as the mechanical injury to chromosomes by physical treatments, 3.4) but many difficulties still remain to be solved. amine the cytogenetic factors responsible for low survival in mitotic gynogenesis, chromosomes were observed in embryos and fry developed from eggs subjected to hydro static pressure. Complete homozygosity of the mitotic gynogens was demonstrated by homozygous genotypes in an isozyme locus with a very high rate of gene-centromere recombination.
Materials and Methods
The source of female loath and a summary of the experimental conditions used to optimize hydrostatic pressure treatments are shown in Table 1 . The procedures for artificial ovulation, fertilization and ultraviolet ray (UV) irradiation to inactivate the spermatozoa were as described in Suzuki et al.7) The dose of UV rays was 6750-9000 erg/mm'. Spermatozoa from the minnow Gnathopogon elongatus elongates, carp Cyprinus carpio, and goldfish Carrasius auratus were used to verify gynogenesis. All hybrids between female loath and males of the three species were abnormal and inviable.81 In a few cases (#2019 and 2024), variant loath (orange phenotype}which were homozygous for a recessive demelanogenesis gene7) were used as females for verifying gynogenesis. The procedures for chromosome preparation in embryonic cells; dechorionization of eggs, colchicine treatment, hypotonic treatment, fixation, mincing of samples and staining of chromosome slides were as described in Arai et al., 9) and those in the fry cells were the same as the methods developed by Ojima et a1.10) Before chromosome preparation, fry specimens were classified into three groups based on the external appearance; normal, slightly deformed and severely deformed, Two day-old fry were minced on the edge of a microtube (2 ml) and suspended in I ml of 0.1% trypsin solution with 0.01% 2Na , EDTA#3 dissolved in PBS(-),*4 a small magnetic tip was placed in the tube and the microtube was placed on a magnetic stirrer for 10min. One ml of Eagle MEM*5 with 20% fetal bovine serum was added to the microtube which was then centrifuged at 1000 rpm for 10 min. The cells obtained were treated with colchicine (0.1µg/ml MEM) for 2 h then immersed in hypotonic solution (0.065 M KCI) for 20 min, air dried and fixed with Carnoy's ethanol-acetic acid mixture. The slides were stained with 2% Giemsa solution. Three or more cells were counted in each embryo or fry. The gene-centromere (GC) recombination rate can be estimated from the proportion of the heterozygous genotype in gynogenetic diploids produced from a heterozygous female by retention of the second polar body (y: 05y<1.0, second division segregation frequency). [15] [16] [17] [18] [19] In the mitotic gynogens produced from a heterozygous female, only the homozygous genotypes should occur.20-21) A gene locus located at the 
Results

Optimum Dose of Hydrostatic Pressure
The optimum strength and duration of hydrostatic pressure treatment were examined for a fixed starting time (5 min after fertilization) by observing the survival of gynogenetic individuals ( Fig.1) .
High frequencies of developing embryos (82.7%) and of normal fry (78.6%) *3 Ethylenediaminetetraacetic acid disodium salt .
*4 Physiological buffered saline , Ca, Mg-free.
*5 Minimum essential medium . Fig. 1 . The effect of different levels (300-800kg/cm2) and durations (1, 2, 4, and 6min) of hydrostatic pressure treatment (applied 5min after fertilization) on the frequency of developing embryos (Embryo, %) and normal fry (Normal fry, %) relative to initial number of eggs fertilized . IC and GC mean untreated and gynogenetic control, respectively.
were observed in the untreated control which demonstrated a good quality of eggs. Gynogenetic control eggs (GC) fertilized with irradiated spermatozoa without pressure treatment had a relatively high rate of developing embryos, but most hatched fry were abnormal, revealing haploid syndrome,6) which indicates the success of genetic inactivation of spermatozoa. In eggs treated with 700 kg/ Cm 2 pressure for I min, the rate of normal fry was satis factory (55.2%). The pressure treatment with 800 kg/cm2 for 1 min gave a similar rate of normal fry (53.8%).
Relatively high rates of normal fry were also observed in the eggs subjected to 500k g/cm2 for 1 to 4 min (46.5 37.1%). In contrast, pressures higher than 600 kg/cm2 for 4min or 500kg/cm2 for 6min arrested the development in the early embryonic stages. In eggs subjected to low doses (400 kg/cm2 for 4 min and 300 kg/cm2 for 6min), large number of embryos developed, but only a few normal fry resulted. The normal fry from pressure-treated eggs were presumed to be diploids, so the optimum dose of hydrostatic pressure for diploidization of gynogenetic genome was a treatment with 700 or 800 kg/cm2 for 1 min.
Optimum Time to Start Pressure Treatment Eleven trials using ten females were conducted to determine the optimum starting time for pressure treatment to inhibit the first mitosis (Table 3) . Untreated controls produced 55.6 to 86.8% of developing embryos and 40.6 to 67.5% of normal fry, indicating fairly good quality of eggs. In gynogenetic controls, most fry exhibited haploid syndrome, indicating that spermatozoa were successfully inactivated genetically. However, normal fry with rates less than 2.3% were seen among the gynogenetic control, these were not contaminated diploids, but gynogenetic diploids which resulted from spontaneous retention of the polar body. We could make this conclusion because the gynogens were verified by using heterospecific spermatozoa (#2001, 2002, 2018A, B) or an orange phenotype (42019 and 2024). Experimental groups subjected to the fixed dose of hydrostatic pressure (700 kg/cm2, 1 min) starting from 5 min after fertilization demonstrated relatively high rates of developing embryos (46.7-68.5%), hatching fry (38.6 59.4%), and normal fry (31.9-53.0%), which indicates successful induction of meiotic diploid gynogens under the conditions described previously.
Poor development and hatching were observed in the groups pressure-treated from 20, 25, 40, 45, and 50 min after fertilization, whereas a relatively high proportion of embryos developed after pressure shock applied 30 or 35 min after fertilization. Normal fry obtained in these treatments are as follows. Female 42018A gave the highest incidence of normal fry (25.2%) in the group treated at 35 min after fertilization. The female 42018B also produced the highest proportion of normal fry (8.4%) when the treatment was started 30 min after fertilization. Female 42041, a gynogenetic progeny of 41037 female, yielded 3.6% normal fry by the treatment starting 35 min after Table 3 . The proportion of developing embryos observed 24h after fertilization (Develop, %), hatching fry (Hatch, %) and normal fry (Normal, %) relative to eggs
The pressure treatment was applied at various times (5 and 20-50 min) after fertilization. *1 Development of embryo relative to total eggs used , observed about 24 h after fertilization. *2 Hatching of fry relative to total eggs used . *3 Normal of hatched fry relative to total eggs used .
*4 Untreated control . *5 Gynogenetic control .
fertilization. These results demonstrate that mitotic gynogenesis can be induced when a hydrostatic pressure (800kg/cm2, 1 min) treatment is applied 30 or 35 min after fertilization with irradiated spermatozoa. Further refine ment of the optimum application time of the treatment was not done. A total of 24 fish (12 from #2018A, 6 from #2018B, 3 from #2041, and 3 from #2058), which survived in the treated groups subjected to the hydrostatic pressure under the optimum condition for mitotic gynogenesis, were kept for about 6 months after hatching. 
Chromosomes of Embryos and Fry from Eggs Subjected to Hydrostatic Pressure
Chromosomes of early embryos from eggs subjected to hydrostatic pressure were examined in the groups from females #2001, 2018A, and 2019 at 10-18 h after fertilization (Table 4 ). All the embryos in the gynogenetic control (GC) possessed 25 chromosomes, the haploid number of a normal diploid loach,9) which indicates successful induction of gynogenetic development (Fig. 2b) . We observed diploid embryos in the experimental groups subjected to hydrostatic pressure treatment 25,30, and 35 min after fertilization (Fig. 2a) . Besides eudiploids with just 50 chromosomes, miss-induced haploids (n=25), hypodiploids (modal chro mosome numbers; 30-49), hyperdiploid (55-70), and near tetraploids (85-104) (Fig. 2c) were observed. Hypo and hyperdiploid embryos frequently had structural aberrations involving acentric fragments and dicentromere (Fig. 2d) . In addition to normal fry, we observed various kinds of deformed fry in the groups treated with hydrostatic pressure (Fig. 3) . Although normal and deformed fry have been considered gynogenetic diploid and miss-induced haploids, respectively, in most works on induced mitotic gynogene sis,19-21) the ploidy level has not been cytogenetically examined in the fry developed from eggs treated for suppression of the first cleavage. Chromosome observations of normal, slightly deformed and severely deformed fry from the eggs of female #2018B and 2058 are summarized in Table 5 . All the normal fry developed from the treated eggs were confirmed as eudiploid with 2n = 50 chromosomes. The deformed fry which survived were not haploid, but diploid (2n=50) or near diploid with modal chromosome numbers between 40 and 49. Structural aberrations of chromosomes as observed in embryonic stages were not observed even in Table 6 . Gene-centromere recombination frequencies for the loci G3PDH*, GPI-P, IDHP-2*, LDH-1 *, and MPI* extimated from heterozygote frequencies of meiotic gynogens in the loach *1 Estimated from paternal genotypes and genotypes of diploid control and/or meiotic gynogens. *2 Allele "A" represents allele the most common mobility (* 100) and allele "B"
represents the counterpart allele. *3 Second division segregation frequency . *4 Alleles are designated with electrophoretic mobilities relative to the most common allele assigned a mobility of "*100". Homozygosity of Mitotic Gynogens Gene-centromere (G-C) recombination rates were esti mated using meiotic gynogens in 9 gene loci for 7 isozymes listed in Table 2 . Determinations were made from the genotypes of male parents, control offspring, and gyno genetic offspring that some females were heterozygous for G3PDH*, GPI-1 *, IDHP-2*, LDH-1 *, or MPI*. Typical isozyme genotypes controlled by these loci are shown in Fig. 4 . Genotype frequencies for these isozyme loci of meiotic gynogens (produced by retention of the second polar body) are summarized in Table 6 . We estimated the second division segregation frequencies (y) to be 0.320 in G3PDH*, 0.000 in GPI-P, 0.316 in IDHP-2*, 0.789 in LDH-1 *, and 0.947-0.960 (average 0.952) in MPI* locus. Consequently, MPI * locus was selected as a marker gene because of its high y value, MPI* genotypes of normal diploid control from female #2041 and of meiotic gynogens from female #2018B are shown in Fig. 4 . Normal diploids exhibited two types of genotype *100/100 and *100/75, while meiotic gynogens had only the heterozygous genotype *100/75 (Fig . 4) . Two individuals randomly chosen from the surviving 5 month old mitotic gynogens demonstrated homozygous genotypes *100/100 and *75/75 in MPI* locus (Fig. 4) . The same fish also had homozygous genotypes *100/100 and *0/0 in the G3PDH* locus.
Discussion
The highest yield of normal fry obtained by pressure treatment of 700 and 800 kg/cm2 for 1 min, starting 5 min after fertilization which was regarded as the appropriate time to retain the second polar body of the loach. The starting time was similar to the cold shock treatment.61 The optimum pressure is similar to that reported in other fish species .20-23) A short treatment of 1 min seems to be the optimum for the loach, because the 6 min duration, recommended for salmonids,23) ayu,8) and plaice 21) resulted in extremely low survival. These conditions (700 kg/cm2, 1 min) successfully produced normal fry (31.9-53.0%) in six trials when it was applied 5 min after fertilization to retain the second polar body for meiotic gynogenesis.
In contrast, proportions of developing embryos were very low when mitotic gynogenesis was done by suppressing the first cleavage. The most favorable survival producing normal fry were obtained in the groups treated 30 or 35 min after fertilization. This is similar to the effective time of application of heat-shock induction of gynogenetic carp,4) which was based on a histological examination of the timing of metaphase of the first cleavage. The normal fry which appeared after the hydrostatic pressure are undoubtedly gynogenetic products, because irradiated spermatozoa from the phylogenetically remote species were used to trigger development or orange phenotype of the resultant fry without paternal contribution. However, it was nec essary to identify the type of gynogenesis, meiotic, or mitotic, because spontaneous retention of the second polar body has been frequently reported to occur and produce normal fry in the gynogenetic control. 4,20,24) To identify the type of gynogenesis, marker isozyme genes with nearly 100% gene-centromere (G-C) recombination rate were used. 2, 16, 17, 19, 20, 21, 25) In the loath, MPI* had a very high rate of G-C recombination and appear to be a convenient gene marker for verifying the type of gynogenesis. About 96% of the progeny of the meiotic gynogens were heterozygous at the MPI* locus, while the specimens randomly chosen from the groups of mitotic gynogens from the same female revealed only homozygous genotypes. Homozygosity was also detected in G3PDH* locus which had a moderate rate of G-C recombination (32%). From the results obtained here we conclude that we have successfully induced a completely homozygous loath by using the optimum hydrostatic pressure to suppress the first cleavage.
As discussed above, successful induction of mitotic gynogens was strongly suggested, but the yield of normal individuals was very low. Low yields make it difficult to maintain all homozygous fish until they reach adulthood. Komen et a1.41 reported that many fish were lost in the course of rearing to maturation. Gynogenetic diploids produced by suppression of the first cleavage are generally unsuccessful.22) I Incomplete diploidization and the resultant occurrence of chromosome aberrations are suspected to cause very low rates of egg development, because we ob served aneuploidy besides eudiploidy and miss-induced haploidy in the embryonic stage of the treated eggs. Struc tural aberrations such as breaks, gaps, acentric fragments and dicentromeric chromosomes were detected in embryos developed from eggs subjected to pressure 30, 35, and 40 min after fertilization, but no such severe aneuploidy was observed in the fry stage. These observations show that severe aneuploidy may mainly arrest development and results in subsequent mortality. Therefore, the harmful effect of the treatment on mitotic cell division may be largely responsible for the low rate in the successful induction of mitotic gynogenesis. Recently, Yamazaki and Goodier261 observed chromosome damage which affected viability of embryos treated with hydrostatic pressure at the first cleavage after normal fertilization in salmonids. They also concluded that abnormalities found in mitotic gynogens and tetraploids might result from the genetic imbalance precipitated by chromosome damage. Occurrence of chromosome aberrations and aneuploidy was also reported in tetraploidizing experiments of the bitterling.*6
Our analysis of chromosomes in the fry stage dem onstrated that the normal-looking fry examined were true diploids, while all the abnormal-looking fry were diploids or near-diploids rather than miss-induced haploidy in the groups subjected to the pressure treatment. Although deformed fry have been recognized as miss-inudced haploid which could not be diploidized due to the shortage of the treatment for inhibiting the first cleavage,20,21) the present work demonstrates a significant number of diploid individuals even in the severely deformed fry developed from the eggs treated for mitotic gynogenesis. These deformed fry are difficult to distinguish from true haploid fry in the gynogenetic control, based on the external appearance of the fry. Some of the low survival of the mitotic gynogens may result from homozygosity. The role of the genetic background specific to each female on the success or failure of the mitotic gynogenesis should be investigated, because in the present study a female which produced a relatively high yield of normal fry in the first trial for the mitotic gynogenesis also had fry with high viability in the next trial. The female which had been gynogenetically produced by meiotic inhibition gave a relatively high viability of the fry. This suggests that the elimination of deleterious recessive genes in the first generation may improve the yield of normal fry after induction of the mitotic gynogenesis. This kind of manipulation for selection of "good" females may be enough to determine the extent to which deleterious le thal genes exist. According to Allendrof and Leary,27) gynogenetic fish induced by blocking meiosis will be partially inbred and are inbred equivalent to two or three generations of full-sibmating. The improved yield of mitotic gynogen is consistent with the suggestion by Chourrout22l that a program for the production of inbred strains should be started by subjecting several females to gynogenesis by retention of the second polar body. Fixation of the strain could then be performed in the next generation by mitotic gynogenesis. 
